Context For some countries, favourable climatic conditions for tourism are often associated with favourable conditions for infectious diseases, with the ensuing development constraints on the tourist sectors of impoverished countries where tourism's economic contribution has a high potential. This paper evaluates the economic implications of eradication of Malaria, Dengue, Yellow Fever and Ebola on the affected destination countries focusing on the tourist expenditures. Methods A gravity model for international tourism flows is used to provide an estimation of the impact of each travel-related disease on international tourist arrivals. Next the potential eradication of these diseases in the affected countries is simulated and the impact on tourism expenditures is estimated. Findings The results show that, in the case of Malaria, Dengue, Yellow Fever and Ebola, the eradication of these diseases in the affected countries would result in an increase of around 10 million of tourist worldwide and a rise in the tourism expenditure of 12 billion dollars. Conclusion By analysing the economic benefits of the eradication of Dengue, Ebola, Malaria, and Yellow Fever for the tourist sector-a strategic economic sector for many of the countries where these TRD are present-this paper explores a new aspect of the quantification of health policies which should be taken into consideration in future international health assessment programmes. It is important to note that the analysis is only made of the direct impact of the diseases' eradication and consequently the potential multiplicative effects of a growth in the GDP, in terms of tourism attractiveness, are not evaluated. Consequently, the economic results can be considered to be skeleton ones.
Introduction
In 2014, over 1 billion international tourists travelled around the world, a figure that is expected to grow annually at a rate of 4% during the coming years (UNWTO, 2014) . In economic terms, the travel and tourist industry accounts for 10.2% of the World Gross Domestic Product (WTTC 2014) , a percentage that is often higher in less developed countries with favourable climate conditions. For many of these countries, tourism constitutes an important source of foreign exchange and income, which are expected to have positive repercussions on the general development of the country (Sharpley and Telfer 2002) .
Nevertheless, favourable climate conditions for tourism often also imply favourable conditions for infectious diseases, with the ensuing development constraints on countries' tourist sectors. Although, in general, tourists are reluctant to travel to countries with different infectious diseases (Page 2009 ), trips to less developed countries with a prevalence of these diseases are still growing (Leder et al. 2013) . Health problems are self-reported by 22-64% of travellers to the developing world and infectious diseases are frequently the most commonly perceived health risk for potential tourists when choosing a destination (Steffen et al. 2003) .
Given the growing popularity of tourism trips to less developed countries and many impoverished nations' economic dependence on tourism, this paper aims to explore the relationship between the tourist industry and the presence of the most significant travelrelated diseases (TRD). Using an aggregate perspective, the presence of Malaria, Yellow Fever, Dengue and Ebola is evaluated in destination countries, and the potential economic impact of the eradication of these TRD is estimated by focusing the analysis on international tourist arrivals. Despite the tourist sector's economic importance for many countries with warm climate conditions, plus potential tourists' sensitivity to the presence of some infectious diseases when choosing a destination and the relevance of health policies in less developed countries, to our knowledge this is the first time that a study of these characteristics has been undertaken.
Previous papers have explored the impact of some specific disease outbreaks on tourism. For instance, Kuo et al. (2008) investigate the impacts of infectious diseases including Avian Flu and severe acute respiratory syndrome (SARS) on international tourist arrivals in Asian countries. Their results indicate that the numbers of affected cases have a significant impact on SARS-affected countries but not on Avian Flu-affected countries. Similarly, McAleer et al. (2010) also study the impact of these two diseases on international tourist arrivals to Asia and, again, they obtain that SARS is more important to international tourist arrivals than is Avian Flu. Cooper (2006) analyses the reactions of the Japanese tourist industry towards SARS while Zeng et al. (2005) explore its impact for China. Regarding other types of diseases Blake et al. (2003) obtain that the foot and mouth disease (FMD) outbreak significantly reduced tourism expenditures in the UK. In general, this previous studies obtain a link between infectious disease and tourism although they are focused on a specific country or region.
The objective of this study is threefold: First, the association between the existence of TRD risk and international tourism movements is evaluated. To that end, a generalization of the gravity model for international tourism demand is defined, providing an estimation of the impact of each considered TRD on international tourism arrivals. Second, simulations of the potential eradication of these diseases at a national level, and so the disappearance of the risk of infection, were considered and evaluated. Finally, the impact of the diseases' eradication on the tourist demand was used to estimate the ensuing tourism expenditures and thus to provide a direct quantification of the benefits of different health policies in economic terms that could be compared with treatment costs in line to a strategy for implementing a global budget (Bishop and Wallack 1996; Bowser et al. 2014) . Then, the novelty of this paper lies in providing an economic estimation of the impact of the eradication of the main travel-related disease risk of infection at a global scale.
The paper is organized as follows: 'Travel-related diseases and tourism' section briefly revised some papers that explore the effect of TRD on tourism; 'Methodology and data' section presents the data and methodology used; 'Impact of infectious disease risk on tourist arrivals' section discusses the results of the empirical analysis where the impacts of TRD risk on inbound tourism are estimated; 'Impact of eradication of TRD risk on tourism expenditure' section presents a simulation analysis where the effect of eradication of the infectious diseases are obtained and the impact on tourism expenditure is evaluated; 'Conclusion' section concludes.
Travel-related diseases and tourism
The growth in the number of international tourist flows reflects the rapid movement of large population groups, which may pose an increased risk of travel-related illnesses, particularly communicable diseases. Poor socioeconomic conditions, inadequate sanitation and cultural differences between the travellers' countries of origin and their travel destinations all contribute to this increase (Abdullah et al. 2000) . The most common reasons why tourists seek medical care tend to be for gastrointestinal illnesses, fevers and skin disorders (Gautret et al. 2009 ) and it has been found that 30% of tourists had to seek medical attention for colds, nausea, stomach upsets and diarrhoea while visiting tropical islands (Pearce 1981) and that 62% of tourist visits to tropical island nursing clinics were due to respiratory, digestive, skin/eye and genitourinary disorders (Wilks et al. 1995) . In the case of Australians travelling abroad it has been shown that infectious disease the cause a 2.4% of death (Schmierer and Jackson 2006) . Although tourist ignorance and carelessness are often the cause of these real risk situations, the perceived risk of disease clearly affects tourist behaviour, especially in their choice of tourist destination.
Turning to the effects of disease on destinations, the recent avian flu and severe acute respiratory syndrome (SARS) epidemics are good examples of outbreaks that have had a big media impact with important health policy controversies in recent years (Pongcharoensuk et al. 2012) . A drop of 12 million arrivals to Asian and Pacific countries following the outbreak of the avian flu epidemic has been estimated (Wilder-Smith 2006) . The World Travel and Tourism Council estimated that approximately 3 million people in the tourist industry lost their jobs following the SARS outbreak in the most severely affected countries of China, Hong Kong, Vietnam and Singapore, resulting in losses of over $20 billion (WTTC 2003) . Another example of a temporary disease with significant effects on tourism was the impact of foot and mouth disease on tourist expenditures in the UK (Blake et al. 2003) . Among the study's key findings, tourism revenue in 2001 fell by almost £7.5 billion and some 21% of this amount was attributable to a fall in domestic tourism, with Scotland and London being the UK's hardest hit areas. Scotland experienced a fall of £2 billion, equivalent to 27% of the total UK drop in tourist expenditure, while London saw a drop of £1.25 billion; that is, 16.8% of the total UK decrease in tourist expenditure.
However, aside from temporary episodes of epidemic diseases that have made the news in recent years, different endemic TRD are also acknowledged to influence the destination chosen by millions of tourists each year. Malaria and Dengue are the most prevalent pathogens among ill returned travellers; diseases that could probably be combated through specific health policies to eradicate them (Freedman et al. 2006) , Malaria has been identified as the most common specific diagnosis in ill returned patients with a systemic febrile illness (Gautret et al. 2009) , and Sub-Saharan African and Indian Ocean islands have been highlighted as a major source of Malaria among European ill returned patients. According to the World Health Organization (WHO), globally, an estimated 3.3 billion people are at risk of being infected with Malaria or of developing a disease, with 1.2 billion being at high risk (WHO 2014) . For all these reasons, Malaria is the first TRD analysed in this paper.
Dengue is now also considered to be one of the major causes of fever in ill returned travellers who may even serve as important sentinels of new outbreaks of Dengue in Dengue-endemic areas. The Dengue virus is the second most commonly identified pathogen responsible for fever, particularly in patients returning from Southeast Asia. The incidence of Dengue has been considered to be higher than that of other so-called typical travel-related diseases, such as vaccine-preventable hepatitis A and typhoid fever (Gautret et al. 2009) . Consequently, Dengue is also analysed in our study.
Another of the most important diseases considered in this paper, in terms of the risk to travellers, is Yellow Fever. A traveller's risk of catching Yellow Fever is determined by various factors, including their immunization status, travel location, the season, the length of exposure, occupational and recreational activities while travelling, and the local rate of virus transmission at the time of travel. Although reported cases of human disease are the main indicator of the disease risk, case reports may be missing due to low transmission levels, a high level of immunity in the population (because of vaccinations, for example), or the failure of local surveillance systems to detect cases (WHO 2012) .
Finally, in addition to Malaria, Dengue and Yellow Fever, Ebola is also chosen for the economic analysis in this paper because of its media impact during 2014 and 2015. It should be noted that, in 2014, airlines suspended flights to Ebola-hit African countries, a key component of the tourist sector, and various promising candidate vaccines have been assessed. The effect of the Ebola crisis on travel and tourism is being felt across the whole of Africa, more than in almost any other sector, due to the heightened perceived risk of travel (Nyarko et al. 2015) . The major impact will be through the demand side; that is, discretionary spending in the form of travel and tourism, with international tourism being hit the most and also domestic tourism. In the event of the spread of Ebola, the World Bank has noted that the output forgone due to Ebola in 2015 alone in the three countries is estimated to account for more than $1.6 billion, over 12% of their combined GDPs (World Bank Group 2015).
Methodology and data

Methodology
Different techniques have emerged during recent decades, aimed at evaluating the economic impacts of infectious diseases. Methods proposed in the literature that measures the economic impact of vector-borne diseases at country level can be classified into microbased and macroeconomic approaches (Basili and Belloc 2015) . On the one hand, micro-based methods are founded on individual or household specific measures of the economic effects of a disease, which are then aggregated at a national level. It is argued that micro-based measures tend to underestimate the true economic impact of infectious diseases, because they do not capture a number of macroeconomic factors and externality effects (Sachs and Malaney 2002; Bloom and Fink 2014) .
On the other hand, macroeconomic approaches follow a traditional cross-country perspective, in which variations in economic outcome variables at country level are explained as a function of variations in population health repressors. However, due to the twoway causality between economic outcomes and infectious disease incidence, this perspective suffers from endogeneity problems (Acemoglu and Johnson 2007) . In other words, health status influences people's absolute and relative income levels, while, in turn, economic status is a determinant of health. For both categories, there are additional evaluation problems, such as how to handle future benefits and costs, particularly long-term effects, and whether and how to discount future effects.
Within an aggregate framework, time series models are presented as a suitable methodology when the effects of transitory epidemic diseases have to be evaluated (Min 2005; Kuo et al. 2008; Wang 2009; Rossello 2011) . Then, an autoregressive moving average model, sometimes together with an exogenous variables, can be used to estimate the effects of these diseases in each SARS and avian flu-infected country. The incidence of the illness is introduced in the model using dummy variables during the periods of the illness incidence. However, time series models are probably not the most suitable tool when the effect of a relatively stable variable has to be evaluated, and this could be the case here, where the presence (or incidence) of a certain disease in a country is expected to present a low level of variability over the years.
Because the aim of this paper is to evaluate the effect of TRD on tourism and because these determinants are expected to have a high structural component, a gravity equation is used to explain tourism flows, while also considering the potential time variability of the determinants. The gravity equation method suggests that different international flows (i.e. trade, tourism, migrations, foreign direct investment etc.) are expected to increase with the economic size of a country and to decrease as the distance between country pairs grows. Additionally, a set of other determining variables, such as the presence of diseases at the destination, can also be included. From a methodological point of view, in comparison with other studies that evaluate the economic impact of health policies, by focusing the analysis on the tourist sector, the endogeneity problem often pointed out in similar economic studies is avoided. Thus, although it is easy to believe that health status influences tourist arrivals to a certain country, it is more difficult to believe that tourist arrivals are a determinant of health in this country.
This framework has been extensively used for empirical exercises due to its goodness of fit, above all to explain international trade (Deardorff 1998; Anderson and Wincoop 2003) . Since tourism is considered to be a special type of trade in services, gravity equations have also been used to estimate the magnitude of tourism flows in different contexts (Eilat and Einav 2004; Kimura and Lee 2006; Santana-Gallego et al. 2010; Fourie and Santana-Gallego 2011; Falk 2016) . Although the application of the gravity equation method has been supported by the international trade theory for many years, only recently the use of a gravity equation has recently justified in the context of tourism by the use of the consumer theory (Morley et al. 2014 ).
Model and data
From previous literature, the model considered in this paper can be defined as:
The dependent variable Tou is the number of international tourist arrivals from country of origin i to destination country j during year t. The explanatory variables are defined as follows. GDPpc is the per capita real gross domestic product of the destination country; Pop is the population of the country of destination; Dist is the distance in kilometres between country of origin and destination country; Border, Lang, Colony Comcol and Smctry are dummy variables that take a value of one if both countries in the pair share a common geographical land border, a common language, a colonial background, and common colonizer and have been part of the same country respectively, and zero otherwise; ReligSim is a religious similarity index as defined by Fourie et al. (2015) 2 ; RTA is a dummy variable for being a signatory to the same regional trade agreement; Rlaw is a proxy for the quality of the institutions at the destination country 3 ; Terrorism is a proxy for the instability and insecurity at the destination country measured as the number of victims in terrorist attacks per 10 000 inhabitants; WHS is the number of World Heritage Sites (WHS) at the destination country, Temp is the average annual temperature in the destination country 4 ; LifeExp is the life expectancy at birth in the destination country. Finally, e is a well-behaved disturbance term.
It should be noted that, as in similar exercises, the Tou, Dist, GDP, Pop, Temp and LifeExp variables are taken in natural logs (Ln), aiming to reduce heteroscedasticity and to capture any nonlinear relationship between these variables. Therefore, these coefficients can be interpreted as elasticities.
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The variable of interest is DiseaseRisk that includes a set of key travel-related diseases, namely Malaria, Dengue, Yellow Fever and Ebola. This variable is a dummy variable with value of unity when there exist disease risk in the destination country, and zero otherwise. This set of variables reflects the existence of a TRD risk of contagion for travellers when visit a particular country. It is important to mention that in the present research it is assumed that the key factor in the impact of infectious diseases on tourism is the existence of the disease in the destination country (and not prevalence ratio per year). Therefore, it is considered that tourists mainly focus on the existence of a moderate or high risk of contagion when they travel to a destination country, as opposed to the real number of cases. In particular, it is considered travel warnings about risk of contagion for travellers and these risks remains constant for the whole period under analysis (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) The variables of interest, namely, DiseaseRisk, is a vector of destination-specific time-invariant characteristic, so panel estimation techniques cannot be applied since the variable of interest would be dropped. Origin country time-varying fixed effects (k it ) are included to control for source country characteristic such as population or GDP per capita of the origin country. However, destination time varying (or, alternatively destination fixed effects and year fixed effects) cannot be included since they would not allow to estimate the variable of interest. Therefore an extensive set of destination and country-pair controls are included in the regression. Consequently, Equation (1) is estimated by pooled OLS including time-varying source country dummy variables (origin-year) fixed effects where standard errors are clustered on host/source country pairs. Table 1 presents some descriptive statistics.
Impact of infectious disease risk on tourist arrivals
According to Morley et al. (2014) the introduction of the timedimension on tourism demand makes possible to evaluate not only the structural nature of the determinants but also its dynamic evolution. However, since travel warnings about risk of contagion remains constant for the whole period, tourist arrivals to countries with and without a disease risk are being compared. Therefore, in this section the short-run effect of eradication of a TRD is not evaluated but the impact of its existence on the urists' destination choice. In general, it is expected that if there exist risk of infection/contagion when travelling to a particular country, tourist will choose an alternative destination with none or low risk. Consequently, a negative estimated coefficient for DiseaseRisk is expected. Table 2 presents the estimated coefficients and different regression statistics for the five estimated equations [Equation (1)], one for each considered TRD, i.e. Malaria, Dengue, Yellow Fever, Ebola and any TRD. From a medical point of view, policy and measures taken to eradicate each of these diseases can be different and, consequently separate equations to evaluate each of the diseases is estimated. Moreover, from an econometric point of view, when a joint estimation is carried out the high correlation between countries affected by different diseases gives non-expected results or nonsignificance for some of the diseases.
Equation (1) is estimated by pooled OLS including origin-year fixed effects. The R-square values in Table 2 for all the disease equations show that a 77% variation in international tourist arrivals has been explained. In general, the estimated parameters yield the expected signs and sizes, suggesting that the model is correctly specified. Estimate parameters are very similar in the four regressions for each disease risk under analysis.
The per capita GDP and population of the destination countries are significantly positive suggesting that tourists prefer travelling to richer and populated countries. The distance variable, which can be regarded as a proxy for the cost of the trip, is consistently negative Notes: Robust standard error clustered by host/source country pairs in parentheses. Constant and origin-year fixed effects are not reported. ***P < 0.01, **P < 0.05, *P < 0.1. and significant. This result is also confirmed by the significantly positive effect of the common border dummy variable, suggesting that tourists prefer to travel to closer countries. Cultural factors such as colonial links, sharing a common language or a religious similarities display significantly positive coefficients in the estimates. Hence, a cultural gap is a relevant explanatory factor in international tourism demand. As expected, countries with coast (or not being a landlocked country) have a positive effect on the number of tourist arrivals. Being member of a common regional trade agreement, used as a proxy for the intensity of the economic relations between countries yields a positive effect. Destination specific characteristics such as the rule of law and number of fatalities in terrorist attacks per 10 000 inhabitants present the expected signs. That is, tourists prefer travelling to safer countries and with a higher quality of their institutions. Finally, variables that might affect the tourist attractiveness of the destination are significant and with the expected sign. A higher annual average temperature and the number of World Heritage Sites at the destination country have a positive effect on tourist arrivals. The estimated impact of life expectancy at birth differs depending on the disease risk considered in the regression, although it is not significant in three of the five models estimated.
As for the variable of interest, all the parameters related to TRD are significant and show negative signs, evidencing the expected negative relationship between the existence of the disease and the level of tourist arrivals. That is, countries with a TRD risk, receive a lower number of international tourists. In particular, countries with Malaria risk receive 47% fewer tourists than countries where this disease is not endemic.
11 Similarly, countries with Yellow Fever receive 36%, while countries with a risk of Dengue and Ebola receive 12% and 28% fewer tourists, respectively. Observing the parameter of the variable of having risk of any TRD, it is also significantly negative implying that countries with TRD risk receive 37% fewer inbound tourists. Therefore, it seems clear that TRD risk implies a barrier for tourism sector to develop since the risk of infection is taken into account when people decide the tourist destination. Moreover, Malaria is the TRD that presents the highest impact on tourism.
There are reasons to assume that travellers from highly developed countries are more sensitive to these diseases, than tourist from developing countries. Therefore, the impact of TRD risk on different subsamples of origin countries is explored as a robustness check. The sample is disaggregated by level of development of the origin countries using the Human Development Index (HDI). Therefore, Developed countries (114) are countries that present very high or high HDI while developing countries (94) are countries with medium or low HDI. Table 3 presents results of the impact of TRD on inbound tourism according to the development level of the origin country.
It is observed how the impact of Malaria, Yellow Fever and Ebola is larger when tourists arrive from developed countries while the opposite happens for Dengue. Interestingly, Dengue risk is not significant for tourist arrivals from developed countries while Ebola risk is not significant for tourist arrivals from developing countries. To sum up, it can be generally concluded that tourists from developed countries, where TRD are eradicated, are more sensitive to infectious diseases risk when they decide the tourist destination.
Impact of eradication of TRD risk on tourism expenditure: simulation analysis
In this section, the direct economic impact of eradicating a TRD risk is calculated. In a first stage, predicted tourism gains of removing a TRD risk are obtained. First, the predicted gains of tourist arrivals due to the eradication of each disease risk are obtained. Then, a counterfactual model is estimated considering that the TRD risk does not exist in any country, and predicted tourist arrivals are generated.
12 Finally, predicted total tourist arrivals from the baseline model and the counterfactual model are compared to obtain gains, in terms of inbound tourism, due to the complete eradication of a disease risk. It should be noted that the total number of arrivals to a particular destination can be obtained as the sum of tourist arrivals from all origin countries as d
In a second stage, we quantify the impact of the increase in total tourist arrivals to a particular country where there exists a disease risk. This assessment of the economic consequences of the TRD eradication is obtained assuming that there is a linear relationship between the total number of inbound tourists and tourist expenditure by foreign tourists in a destination country. Analytically, this is done by estimating the following equation:
Where EXP is the total tourism expenditure by foreign tourists in a destination country j during period t; TOU is total international tourist arrivals in destination j at year t; / 1 , is the parameter to be estimated; x t is year fixed effects; and t jt is a well-behaved disturbance term. This simple model presented in Equation (2) At this point, it is important to point out that through this procedure only the direct effect of the eradication of travel-related diseases is obtained. Thus, it could be argued that an increase in tourism expenditures (receipts) in the destination country could increase GDP in that country and, as expressed in Equation (1), the GDP at the destination could act in itself as an attractor of international tourists (in the sense that a higher GDP could also be related to higher levels of development, public services etc., which might attract more tourists). Thus the multiplying effects of an increase in the GDP on tourism are not considered in this study. Moreover, displacement effects are also not considered in this analysis.
A specific reference year is not going to be considered to calculate the impact on tourist arrivals and tourist expenditure of a TRD eradication but the average for the period [2005] [2006] [2007] [2008] . This year span is selected because is the period before the world economic crisis. 13 For the simulation analysis, Equation (1) Table 4 . As can be observed, estimate parameters are similar to the ones presented in Table 2 . In particular, countries with risk of Malaria presents 48% fewer inbound tourism, with risk of Yellow Fever a 39%, with Dengue risk a 7% and with Ebola risk a 45%. Moreover, having any type of TRD risk implies a decrease of tourist arrivals of 36% than countries without any disease risk. The estimated Equation (2), linking international tourism and the tourism expenditures, is presented in Table 5 . The high level of the R-square shows that tourism arrivals are a good predictor of the tourism expenditures in the destination countries. Therefore, this result confirms the link between the international tourism demand and the economic impact in the destination countries. The estimated parameter of the tourist flow variable shows that a 1% increase in tourist arrivals to a representative country implies a 0.69% increase in the tourist expenditures.
The simulated effects of the eradication of any TRD on tourism arrivals and tourist expenditure are presented in Table 6 while  Tables S2-5 present the direct economic effect of eradicating Malaria, Yellow Fever, Dengue and Ebola, respectively. In this section, we are focusing on the effect of eradicating all TRD risks, since more than one infectious disease might exist in a country. However, the results presented in the Supplementary data are relevant for policymakers when they are evaluating the economic impact of eradicating a specific TRD. In any case, this estimate are for guidance only since, as previously mentioned, only direct effects are taken into account as well as displacement/substitution effects are not quantify. For instance, eradicating Ebola in Uganda would suppose an increase on inbound tourism but also can positively or negatively affect tourist arrivals to neighbouring countries like Tanzania or Kenya without Ebola risk.
The first two columns in Table 6 present predicted total tourist arrivals with TRD risk (benchmark) and without TRD risk (counterfactual). Third and fourth columns present increases in inbound tourism figures if TRD risk is eradicated, in thousands and in percentage change, respectively. In the fifth column, total tourist receipts in each country are presented, while last column presents the predicted gains in terms of tourism expenditure if all TRD are eradicated. For instance, is TRD are eradicated, tourist arrivals are expected to increase a 15.3% in Angola which implies an increase on tourist receipts of 19.1 million of US$ per year (¼0.153*0.69*180)
One of the most remarkable outcomes is that there is a predicted increase of 10.6 million tourist arrivals (14.4%) after TRD are eradicated from the countries listed in the table, leading to a rise in tourism expenditures of 12 billion US$ worldwide. Specifically, countries in the Americas such as Aruba, Bahamas and Barbados are the ones that would see the highest growth in tourist arrivals. Countries whose tourist sectors have a higher level of tourism expenditures, like Thailand, Malaysia, Mexico and India would largely benefit from the eradication of Malaria.
On the other hand, African countries would experience very low or even negative (i.e. in Niger, Mali, Burkina Faso and Central African Republic) gains in inbound tourism if TRD risk disappear. This can be explained since the African countries suffer from several TRD risks which make the problem more complex as well as from very important structural barriers that impede the tourism sector to develop.
Conclusion
Literature shows that health and macroeconomics are strongly correlated, as good health in a population improves the country's economic outcomes, since it boosts economic wellbeing through higher levels of labour productivity, education and investment, and through demographic change. However, all these issues are often observed in the long run, jointly with the improvement of health statistics, and in many cases it is hard to establish the true causal relationship. Countries' resources are limited, and decisions have to be made in the short run as to whether investing resources in an eradication programme is preferable to their use in projects unrelated to healthcare or even in alternative health intervention programmes. Using a gravity model, this paper has evaluated the effects of the eradication of Malaria, Yellow Fever, Dengue and Ebola on international tourism arrivals and its national economic impact at destinations through their tourist industries. This is the first empirical attempt to study the association between infectious disease risk and international tourism flows using a global database. However, since the variable of interest is time-invariant, causal effects cannot be explored.
The results show Malaria and Yellow Fever to be the diseases that play the most decisive role in explaining tourist destination choices. In any case, the risk of TRD is associated to a decrease of 37% in inbound tourism figures.
In this research, a simulation analysis to explore the impact on tourist arrivals and expenditure of eradication of infectious disease risks is implemented. As mentioned before, the figures presented are for guidance only but can help to evaluate one dimension of the impact of policies that aim to eradicate TRD.
Specifically, the eradication of Malaria can be associated with an increase of 6.2 million tourists and 3532 million US dollars in the affected countries per year, figures that represent an average 19.8% growth in total tourist arrivals of the affected economies. In the case of Dengue, its eradication would imply an increase of 2.5 million tourists, an increase in expenditure of 2861 million US dollars, and an average growth of 3.7% in the affected destinations' inbound tourists. At a secondary level, the eradication of Yellow Fever would lead to 8.1 million more tourists, representing an increase of 4975 million US dollars and a 30.1%% average growth in the tourist arrivals to affected economies. Finally, Ebola's eradication in the four affected countries during the period of our analysis would imply an increase of 5 million international tourists, representing an increase of 375 million US dollars and an average growth of 76%.
By analysing the economic benefits of the eradication of Dengue, Ebola, Malaria and Yellow Fever for the tourist sector-a strategic economic sector for many of the countries where these TRD are present-this paper explores a new aspect of the quantification of health policies which should be taken into consideration in future international health assessment programmes. Consequently, results of this work should be taken into account not only at international level to promote international research programs aiming the eradication of these diseases but also at country level to evaluate the economic benefits in terms of tourist expenditures for a specific country to reduce the incidence or eliminate the disease.
It is important to note that the results must be interpreted within the context of a study of these characteristics, and thus an analysis is only made of the direct impact of the diseases' eradication. The multiplicative effects of a growth in the GDP, in terms of tourism attractiveness, are not evaluated. Consequently, the economic results can be considered to be skeleton ones. Another important point is the fact that data at a national level was used for the analysis and this can be imprecise, especially in the case of some big countries where some of the aforementioned diseases tend to be limited to certain areas. However, tourism data is available at a national level and, for this reason, regional information could not be used.
Future research should try to take into account for neighbourhood effects (country with a high disease risk may negatively affect tourism in neighbouring countries) and to incorporate the latest available data, particularly in the case of Ebola, since it should be used to confirm whether the influence of the social media, following the 2014-2015 outbreak of Ebola, changed the impact on the affected countries. In particular to investigate the causal effect of the outbreak of some specific diseases (Ebola, SARS, . . .) on tourism flows it would be desirable to use the difference in differences approach since these disease could have mainly a temporal effect. Moreover, this research only addresses the impact of infectious disease risk at the host country and tourist arrivals. However, the gravity model would make it possible to study the associations between tourism and disease risk in both the source and origin country since a disease in the origin country may prevent people from travelling abroad. is used since we are interested in climate not in weather. 5. Table S1 presents the source of the data. 11. Note that since the dependent variable is in logarithm, the parameter of DiseaseRisk is interpreted as a semielasticity, that is Exp()-1. 12. For simplicity in the counterfactual analysis is assumed that the TRD is completed eradicated (DiseaseRisk 0 for all countries). 13. Results of the simulation analysis are robust to alternative periods/years of reference.
